A possible role for phosphate in complexing the arginines of S4 in voltage gated channels.
Phosphate ions are known to complex guanidinium groups, which are the side chains of arginine. Voltage gated channels that allow passage of ions through cell membranes, producing, for example the nerve impulse, are in many cases composed of four domains, each with six transmembrane segments. The S4 transmembrane segments of these channels have arginines placed in such a way that they would be expected to complex phosphate. Known phosphate-arginine complexes are reasonably strong. Here, an ab initio calculation reinforces the expectation that a strong complex could form. As a consequence, if the S4 moved, it would carry either no charge, or at most half of what is expected from fully charged arginines. This suggests that it may be necessary to rethink voltage gating models in which the gating current is produced by physical motion of the S4 transmembrane segments.